A case-control study of idiopathic osteonecrosis of femoral head (ION) was carried out toinvestigate the association between workload intensity, smoking, drinking, ADH2 and ALDH2 genotypeand other factors and development of ION by comparing 43 cases (34 males and 9 females) without history of systemic corticosteroid use with 86 matched controls (68 males and 18 females). Univariate analysis by conditional logistic regression for males showed statistically significant odds ratios (OR) for heavier workload (OR=4.661), cumulative alcohol consumption (OR trend per drink-years=1 .01 5), ALDH2111 (OR=3.310), consumption of green tea less than 3 or 4 times/week (OR=2.705), body weight over 60 kg at examination (OR=0.413), or body mass index of over 25 at examination (OR=0.208). Multivariate analysis based on a hierarchically well-formulated model strategy for males revealed that heavier workload (OR=5.785, 95% confidence interval (CI): 1.211, 27.635) and cumulative alcohol consumption (OR=1.016, 95% CI: 1.005, 1.026) remained as the significantly associated risk factors for ION after adjusting the remaining confounders. The reason for the insignificant multivariate OR of ALDH2111 may be due to the strong confounding of alcohol consumption on the association between ALDH2 genotype and ION. For females, the small sample size made it impossible to produce any meaningful univariate analysis.
INTRODUCTION
Osteonecrosis of the femoral head which leads to destruction of hip joint may significantly damagethe quality of life of patients who are in the third, fourth, or fifth decade of life. Idiopathic osteonecrosis of the femoral head (ION) excluding the symptomatic osteonecrosis due to major trauma, gout, hypercorticalism, Gaucher disease, caisson disease, or irradiation [1] has been studied in relation to steroid administration [2-5] and alcohol-intake [6] [7] [8] [9] [10] [11] . Hirota et al. [10] reported an elevated risk for alcohol drinking with a clear dose-response relation in a multi-center case-control study in Japan. Although previous studies which were well-designed case-control studies in Japan have shown consistent close association between alcohol consumption and ION, there have been discrepancy about associations between several other factors (e.g. occupation, body mass index and cigarette smoking) and In human beings, the primary pathway of ingested ethanol elimination is oxidation to acetaldehyde, catalyzed by alcohol dehydrogenase (ADH; EC 1.1.1.1), followed by further oxidationto acetate by aldehyde dehydrogenase (ALDH; EC 1.2.1.3). Genetic polymorphisms have been reportedin these enzymes and Japan.
Tel 
Questionnaire and clipping nails
Information about life-style before the onset of symptoms was obtained using self-administrated questionnaires similar to those used by Hirota et al.
[10] and covered the following topics: alcohol drinking, smoking, weight and height, liver or pancreatic dysfunctions, dietary intakes (e.g. meat, fish, vegetables, coffee and green tea) and occupation. This questionnaire was sent to subjects along with a plastic bag as a container for nail clipping. We contacted non-respondents by phone, and if the answer to the questionnaire was incomplete, an additional survey by telephone was conducted. 
Classification of occupations
The occupation of each subject was classified according to the occupational classifications in the 1985 population census of Japan and these were divided into 4 categories according to the major classifications used in the census [22] . Another occupational classification was workload intensity, according to which each occupation was classified into one of 4 degrees (I: light work, II: average work, III: slightly heavy work, N: heavy work) depending on the physical demandsof the work [23]. These 4 classes were treated as 2 classes, "lighter workload (I and II)" and "heavier workload (III and N)" in the analysis.
Calculation
of BMI, amount of cigarette smoking and alcohol intake Body mass index (BMI; weight (kg)/height (m)2) was calculated by weight at the time of examination or at age 20, and was categorized according to whether the value was over 25 kg/m2 or not. The cumulative amount of cigarettes was calculated for ex-smokers and current smokers by the unit "packyears" which was the product of the daily number of packs of cigarettes and the duration of smoking, assuming that one pack contained 20 cigarettes. The mean amounts of weekly alcohol consumption were calculated by the following formula for ex-drinkers 
Analytical methods

Differences between groups were examined by t test for continuous variables and chi-square test or
Fisher's exact test for categorical variables. The conditional logistic regression model was used for univariate and multivariate analysis. Case or control status was treated as the dependent variable and potential risk factors (RF) were treated as the independent variables on the analyses. Multivariate analysis was performed for potential RFs which showed significant association in univariate analysis. According to the hierarchically well-formulated (HWF) model strategy, an initial model was constructed for each of the potential RFs in turn being treated asan exposure variable (EXV). It included the EXV, the 1St order interaction terms (potential effectmodifiers; EMs) between the EXV and each of the remaining potential confounders (CF), and each of those potential CFs. A gold standard model (GSM) for the potential RF was produced after evaluating the interaction and then a reduced model for the potential RF was finally obtained by assessing confounding [24].
All statistical analyses were performed using the SPSS version 10.1 program.
This study was approved by the Ethics Committee of Kurume University School of Medicine.
RESULTS
During the 8 years of the study 58 eligible ION patients were registered as cases and sent a questionnaire. The same questionnaire was also sent to 2 to 4 potential controls (164) matched toeach case. Responses to the questionnaires and nails were obtained from 46 (79.3%) cases and reasons the remaining 12 cases did not responded to those were death (2), hospitalization (2), absence (2), refusal (3) and failure to respond (3). One hundred-seven (65.2%) potential controls returned filled out questionnaires and nails, and reasons for not answering were death (2), corticosteroid treatment (1), hospitalization (2), absence (3), address unknown (5), refusal (5) or failure to respond (39). Eligible controls could not be found to match three cases as of the end of the study. One male control sent back the filled questionnaires without nails. Among the potential controls who responded, the earliest 2 responders were treated as the eligible controls.All of the subjects resided in the northern part of Kyusyu-Island in Japan. Of the 43 cases, 26 cases had a unilateral lesion, 14 had bilateral lesions and 3 were unknown. According to the established criteria [18], 14 of the 54 hips were classified into Stage I, 22 were into Stage II, 12 were into Stage ITI and 6 were into Stage IV. There was not a significant difference in classification of ION based on the above criteria between the cases analyzed and the cases not analyzed. The diseases of the controls varied and most of them fell into categories of "diseases of the musculoskeletal system and connective tissue" (67.44%), "injury and poisoning" (15.12%) and "diseases of the nervous system and sense organs" (11.63%) on International Classification of Diseases, Ninth Revision.
Age distribution at onset of symptoms was Age and gender distribution of study subjects at onset of symptoms almost identical between cases and controls due to age matching (Table 1 ). The exposure distribution of potential RFs between the two groups were shown in Table 2 . Male cases showed a higher proportion of " production, transport and related occupations" and significantly more male cases were classified into "h eavier workload" than male controls according to the classification of workload intensity by occupa-tion. The mean weights of cases at examination or at age 20 were smaller than those of controls for both genders, and the difference at age 20 for males was significant. Averages BMI of cases were also shown smaller than control in BMI, and cases displayed significantly higher proportion of < 25 kg/m2 at examination for males. There was no difference in proportion of the ADH2 genotypes between the two groups for both genders but there was a significant difference in that of the ALDH2 genotypes for males, i.e. that of ALDH2 1/1 genotype was significantly higher for male cases than controls. The same was not observed for females. The proportion with history of liver diseases was not significantly different.
The category of less frequent consumption of green tea for male cases wassignificantly higher than for male controls. No other significant difference in dietary intake wasobserved for both genders (data was not shown).
As shown
in Table 3 , there was no apparent difference in any proportion related to smoking between cases and controls. With regard to alcohol consumption among males, there was no significant difference in the relative proportions of drinkers and nondrinkers, but compared to controls, cases were significantly skewed toward higher exposure categories on a) the frequency of alcohol drinking, b) the amount of weekly alcohol consumption and c) cumulative alcohol consumption. Malecases had significantly higher tendency not to eat when drinking i.e. in occasionally or mostly without eating, than controls among both ex-drinkers and current drinkers. In male controls cumulative alcohol consumption of the subjects with ALDH2"' was significantly higher than those with ALDH2 1/2 on the average (ALDH2 1/1 61.127 ml, ALDH2 1/2; 28.981 ml, p<0.05). These tendencies in drinking were not substantial among the females because there were fewer female drinkers and less alcohol consumption per drinker. Of all of the items examined, ALDH2 genotype and cumulative alcohol consumption, cumulative amount of cigarettes and cumulative alcohol consumption, and BMI at examination and cumulative amount of cigarettes showed significant associations between them among male controls (data was not shown). GSMs, i.e. the one having occupation by workload intensity as the EXV and the other having cumulative alcohol consumption as the EXV indicated that each of these EXVs was significantly associated with ION, as shown in Table 6 . Subsequent evaluation of influential CFs on the former GSM revealed that all of the CFs should be reserved in the reduced or final model because no gain was obtained by eliminating any of them in the precision, narrow the 95% confidence interval (CI)under equal OR. A similar evaluation on the latter GSM revealed that occupation by workload intensity and green tea drinking should be reserved in the reduced or final model (OR of cumu- lative alcohol consumption=1.016, 95% CI: 1.005, 1.026).
DISCUSSION
The present study may be regarded as a welldesigned matched case-control study observing many potential RFs and analyzing them multivariately under the HWF model strategy with interaction and confounding assessment. Cases were ION patients confirmed by a well-trained orthopedist applying the established criteria for diagnosis [18] , and there was no substantial difference between the 43 cases analyzed and the remaining 15 cases that were not analyzed. Previous studies [25-29] reported the genetic distribution of ADH2 or ALDH2 genotype of healthy Japanese as follows; ADH2" 3.1-7.2%, ADH"2 27.1-55.7%, ADH2 2/2 41.2-65.7%, ALDH2 1/1 41.4-62.4%, ALDH2 1/2 29.7-51.4%, ALDH22/2 4.0-18.7%. Those of the present controls, i.e. ADH2 1/1 3.5%, ADH1/2 42.4%, ADH2/2 54.1%, ALDH2 1/1 62.4%, ALDH2 1/2 34.1 %, ALDH2 2/2 3.5% were comparable to those data, therefore the present controls were not likely to be heavily biased from the general population, at least in terms of these genotypes.
Matsuo et al. [9] and Hirota et al.
[10] observed there were more blue-collar workers in the cases compared to controls. And Shibata et al. [1 1 ] reported a significantly elevated OR for "blue-collar workers" in univariate analysis, although that became insignificant after adjustment for other factors i.e. daily amount of cigarettes, daily alcohol consumption, flushing pattern, history of liver diseases and BMI. The officially adopted [23] method for classification of occupations by workload intensity may be a reliable one and may well reflect actual occupational workload intensity. The "heavier workload" showed a significant higher risk compared to the "lighter workload", and this remained significant after adjusting for influential CFs including cumulative alcohol consumption. This significant OR was observed after adjusted for similar factors used by Shibata et al. as shown above (OR=7.810, 95% CI: 1.441, 42.328). Therefore occupation might not only be a CF but also might be an independent risk factor and further study is necessary to clarify this point.
The present study observed a close association between alcohol consumption and development of ION similar to those reported in previous studies [9-11]. ADH2 was not significantly associated with ION in this study and this may partially be due to low statistical power because ADH2 1 allele prevalence is low among Japanese. Although ALDH2" showed a significantly high risk to ION, this elevated risk became insignificant after adjustment for influential CFs. A person having ALDH2 1/1, i.e. a rapid metabolizer of acetaldehyde [13], tends to be a nonflusher when drinking and tend to be a relatively heavy drinker [30] . Shibata et al. [11] showed that a univariately significant high risk of non-flushers became insignificant in a multivariate analysis. These findings may be due to the strong association between ALDH2 genotype and alcohol consumption as observed among controls and the strong confounding of alcohol consumption on the association between ALDH2 genotype and ION. Although it has not been observed in previous studies [9] [10] [11] , the present study showed a univariately significant but multivariately insignificant OR due to less frequent green tea consumption. Imai et al. [31] reported increased consumption of green tea was associated with decreased serum concentrations of total cholesterol, triglyceride and decreased proportion of LDLcholesterol/HDL-cholesterol.
It is therefore relevant to explore the relation between green tea drinking, fat emboli [32], or hyperlipidemia [33,34] and ION. Further investigations are needed to clarify these relation ships.
